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Gap and overlap tasks are widely used to promote automatic versus controlled saccades.
This study examines the hypothesis that the right posterior parietal cortex (PPC) is differ-
ently involved in the two tasks. Twelve healthy students participated in the experiment.
We used double-pulse transcranial magnetic stimulation (dTMS) on the right PPC, the ﬁrst
pulse delivered at the target onset and the second 65 or 80ms later. Each subject per-
formed several blocks of gap or overlap task with or without dTMS. Eye movements were
recorded with an Eyelink device.The results show an increase of latency of saccades after
dTMS of the right PPC for both tasks but for different time windows (0–80ms for the gap
task, 0–65ms for the overlap task). Moreover, for rightward saccades the coefﬁcient of
variation of latency increased in the gap task but decreased in the overlap task. Finally, in
thegaptaskandforleftwardsaccadesonly,dTMSat0–80msdecreasedtheamplitudeand
the speed of saccades. Although the study is preliminary and needs further investigation
in detail, the results support the hypothesis that the right PPC is involved differently in the
initiation of the saccades for the two tasks: in the gap task the PPC controls saccade trig-
gering while in the overlap task it could be a relay to the Frontal Eye Fields which is known
to control voluntary saccades, e.g., memory-guided and perhaps the controlled saccades
in the overlap taskThe results have theoretical and clinical signiﬁcance as gap-overlap tasks
areeasytoperformeveninadvancedageandinpatientswithneurodegenerativediseases.
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INTRODUCTION
Gapandoverlaptaskshavebeenwidelyusedforstudyingsaccades.
In the gap task the ﬁxation point switches off and the periph-
eral target appears later, typically 200ms; in the overlap task the
peripheraltargetappearswhiletheﬁxationpointisstillon.Laten-
cies are 40–110ms shorter in the gap task. This effect called “gap
effect” (Saslow, 1967)i sb e l i e v e dt ob er e l a t e dt oa d v a n c em o v e -
ment preparation due to release of the oculomotor ﬁxation in the
gap task (Rolfs and Vitu, 2007). It is believed that in the gap task,
saccadeinitiationistriggeredbytheposteriorparietalcortex(PPC;
Pierrot-Deseilligny et al., 1995). We hypothesize that saccades in
the overlap task are triggered by the frontal eye ﬁeld (FEF), simi-
larly to more voluntary saccades such as memory-guided saccades
(Wipﬂi et al., 2001). The hypothesis of different initiation mech-
anisms in the gap and overlap tasks has been supported by our
behavioral study (Vernet et al., 2009). Vernet et al. (2009) studied
gap-overlap tasks in pure or mixed blocks for young and mid-
dle age subjects. They reported a cost of interleaving the gap and
overlaptrials,i.e.,anincreaseoflatencyrelativetonomixing(pure
blocks);themixingeffectwasobservedformiddleageadultsonly.
Even though age-speciﬁc, the cost due to mixing indicates dif-
ferent mechanisms for saccade triggering in gap versus overlap
tasks. The present study aims to test further the hypothesis of
different mechanisms in the gap and overlap tasks, with the use
of double-pulse transcranial magnetic stimulation (dTMS). Prior
studies using single-pulse TMS and the gap task only,showed that
TMS of the PPC increases latency (Kapoula et al.,2001,2005).
ThedTMSproducesfacilitatoryorinhibitoryeffectsdepending
ontheinterstimulusinterval(ISI,seeSiebnerandRothwell,2003).
The few other studies which used dTMS concern memory-guided
saccades (saccades made upon a go signal to a target ﬂashed a
few seconds earlier): Wipﬂi et al. (2001) showed the decrease of
latency of contralateral memory-guided saccades after dTMS of
theFEFwiththeISIof 50ms(ﬁrstpulseon“go”signal,thesecond
50ms later). Nyffeler et al. (2005) also showed such facilitation
after dTMS of the PPC but with ISI of 80ms. In our study the
ﬁrst pulse over the PPC is delivered at the onset of the saccade tar-
get and the second 65 or 80ms later. We expect inhibitory effects
of the dTMS, i.e., latency increase at least in the gap task, as this
area is believed to participate in the triggering of saccades. For the
overlap task we expect either facilitatory effects or still inhibitory
effects but at different time windows than for the gap task. Note
that expectation for inhibitory effect is not in contradiction with
the study of Nyffeler et al. (2005) showing latency decrease. In the
memory-guided task used by those authors dTMS was delivered
on the PPC upon extinction of the central dot and 80ms later.
In an overlap task we use here both the central and peripheral
targets are on at the times of dTMS, requiring visual attention
engagement. Thus, although we hypothesize a ﬂow of signal pro-
cessing from PPC to FEF for the overlap task, the mechanisms of
attention and ﬁxation control involved might not be the same as
for memory-guided saccades.
Ourpriorstudieswithsingle-pulseTMSinagapconditionhave
shown the importance of PPC on saccade triggering, particularly
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of the right PPC. Indeed, TMS of the right PPC delivered 80–
100msaftertargetonsetincreasessaccadelatencyinalldirections.
Therefore in the present study, as a ﬁrst step, we concentrated on
the right PPC which is known to be greatly involved in saccade
control.Thetimingparametersfortheﬁrstandsecondpulsewere
chosen so as to interfere with the triggering process in the gap
task. Based on prior studies with the gap task we expected an
effect when dTMS is delivered at 0 and 80ms after target onset;
we thought opposing it to an earlier window (0–65ms) for which
TMS could be less effective. We used the same time windows for
the overlap task. If the PPC is involved the same way as in the gap
task,then we should expect the same effects of dTMS for the same
time windows. We aimed to rule out such prediction.
Another novelty of our study is related to the effect of dTMS
on the variability of latency of saccades. Gilchrist et al. (2009)
proposed several hypotheses to explain the naturally occurring
variability of saccade latency, e.g., ﬂuctuation of the quality of
processing of target location or decision mechanism in triggering
orof theﬁxationcontrol.Carpenter(2004)introducedadecision-
making model (Later model) consistent with neurophysiological
data,that explains the variability and correctly predicts the effects
of altered expectations. If, as we hypothesize, the PPC is involved
differently in the gap and overlap tasks, the effects of dTMS on
variability in latency might also be different. Finally, although
our study concerns primarily the initiation mechanisms it also
examined the effect of dTMS on the amplitude and the speed of
saccades, and this for the two tasks (gap, overlap).
MATERIALS AND METHODS
SUBJECTS
Twelve healthy adult subjects, four females and eight males,
participated in this experiment. Their ages ranged from 18 to
23years (mean 21±1.5). All subjects had normal or corrected-
to-normalvision.BinocularvisionwasassessedwiththeTNOtest
of stereoacuity;individualscoreswerenormal,60   ofar corbett er
exceptfortwosubjects(120  ).Eachsubjectgaveinformedconsent
to participate in the study.
The eye movement investigation adhered to the tenets of the
Declaration of Helsinki and was approved by the local human
experimentation committee, CPP Il de France II (No: 07035),
Hospital Necker in Paris. Written consent was obtained from all
subjects after the nature of the examination had been explained.
TMS LOCALIZATION
AMagStim200magneticstimulatorwasused.Itsmaximumstim-
ulator output was 2.2T (model 200 MagStim, Withland, Wales,
UK); the coil has a ﬁgure-of-eight (each wing 70mm diameter)
allowing focal stimulation. The time of increase of the pulse was
5μs,thedecaylasted160μs.Aclickoccurredsimultaneouslywith
the pulse.
To deﬁne motor thresholds, the intersection of the wings of
the coil was applied on the motor hand area and the inten-
sity of the stimulator was increased until it reached a value
for which visible jerks of contralateral hand muscles occurred.
For our group of subjects, the motor threshold ranked from
40 to 60% of total stimulator output. During PPC stimula-
tion, the intensity was between 50 and 66%, depending on the
subject. Such values, above the motor threshold, did not cause
blinks.
The right PPC was stimulated by placing the coil 3cm poste-
riorly and 3cm laterally to the vertex, tangentially to the skull, in
order to obtain a well focalized stimulation of this area. The coil
was placed on the scalp with its handle oriented backward and
45˚ rightward (for stimulation of the right PPC) relative to the
midline. Similar procedures for localization, coil placement, and
stimulation capacity have been used by many studies (Muri et al.,
1996; Kapoula et al., 2001, 2004). In the dTMS blocks, double-
pulsestimulationwasappliedontherightPPC.TMSwasdelivered
twice,on the onset of target for (0ms) and 65 or 80ms after target
appearance. We will refer to these intervals as ISI. For the blocks
withoutTMS,stimulationwasalsodeliveredatthesametimewin-
dows, but the coil was placed 30cm over the head of the subject
andorientedtowardtheceiling,inordertoprovidethesameaudi-
tory input in both conditions (dTMS/no dTMS). A second coil,
unlinked to the magnetic stimulator was placed over the subject
head, in order to conserve the same somato-sensory clues as dur-
ingtherealstimulation.Asimilarcontrolconditionhasbeenused
by others (Terao et al., 1998;Yang and Kapoula,2004).
STIMULI/VISUAL DISPLAY
The visual display was composed by three white luminous dots
(angularsize0.2˚),presentedonablackcomputerscreenplacedat
57cmfromthesubject(therequiredconvergenceanglewasabout
6˚). One of these three dots was at the center of the screen; two
were at an eccentricity of ±10˚ horizontally.
The subject was comfortably seated in an adapted chair with
his chin on a chin rest. The subject viewed binocularly.
EYE MOVEMENT RECORDING
Horizontalandverticaleyemovementswererecordedbinocularly
with the EyeLink II device. Each channel was sampled at 250Hz.
The system has a resolution of 0.025˚.
GAP AND OVERLAP TASKS
Each trial started by lighting a ﬁxation dot at the center. The ﬁx-
ation dot stayed on for a period of 2.5s. In the gap task, there
was a time interval of 200ms between the offset of the ﬁxation
dot and the onset of the saccade target dot at the periphery dot
(Figure 1A). The target dot was kept on for 1.5s. In the overlap
task,theﬁxationdotremainedilluminatedfor200msafterthetar-
getdotappeared(Figure1B).Thetargetstayedonalsoforanother
1.5s. Subjects were required to make a horizontal saccade to the
target dot as rapidly and accurately as possible. A black period of
2.5s separated trials. Subjects were instructed to use this period
for blinks. The total mean length of each trial was about 6.7s. In
eachblock,targetsat10˚,leftorright,wereinterleavedrandomlyat
equal rates. Each block contained 32 trials and lasted about 4min
(16 trials for saccades to the left and 16 trials for saccades to the
right interleaved randomly). Each subject performed six blocks,
four blocks with dTMS (ISI 65ms gap; ISI 80ms gap; ISI 65ms
overlap;ISI80msoverlap)andtwoblockswithoutTMSinthegap
and overlap conditions. The order of blocks was counter balanced
over subjects. For each dTMS condition dTMS was delivered in
95% of the trials. A few trials without TMS were introduced to
reduce expectancy effects.
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FIGURE 1 | Experimental tasks: gap (A) and overlap (B). Latency started when the target appeared. For blocks with dTMS, the ﬁrst stimulation was done
with the onset of the target (0ms) and the second stimulation 65 or 80ms after, in both tasks.
A calibration sequence was performed at the beginning; the
target made the following predictive sequence: center, 10˚ to left,
center,10˚toright,center;thetargetstayedateachlocationfor2s.
From these recordings we extracted calibration factors.
DATA ANALYSIS
Calibration factors of each eye were extracted from the saccades
recorded during the calibration task.A calibration was run on the
horizontal signals with a linear function to ﬁt the calibration data.
From the two individual calibrated horizontal eye position sig-
nals, we derived the horizontal conjugate signal (mean of the two
horizontal eyes position). Example of saccade from one subject is
shown in Figure 2.
The onset and offset of horizontal saccades was deﬁned as the
time when the eye speed of the conjugate signal exceeded and
dropped below 10% of the maximum velocity, respectively. The
onset and the offset of the saccade are noted “i” and “p” and the
maximum velocity “v” in Figure 2. These criteria are standard
and used in several other studies (Yang and Kapoula, 2004; Yang
et al., 2006; Vernet et al., 2009). The automatic placement of the
markers by the computer was veriﬁed by visual inspection of the
individual eye movement traces. From these markers, we mea-
sured the latency (ms) of eyes movements, the amplitude (deg)
and mean speed (deg/s) of the saccade. The mean speed was the
amplitude divided by the duration. The coefﬁcient of variation
(CV) of latency is the SD of latency divided by the mean latency
multiplied by 100 (Peltsch et al., 2011; Kapoula et al., 2010). The
CV was measured for the other parameters (amplitude, speed).
The percentage of express latency is the number of saccades with
latency values between 80 and 120ms, divided by the total num-
ber of saccades,and multiplied by 100 (Kapoula et al.,2004,2005;
Yang and Kapoula,2006;Yang et al.,2006).
FIGURE2|P osition (continuous) and velocity (discontinuous) traces of
a saccade to the right to a target presented at 10.The markers “i” and
“p” indicate the beginning and the end of the pulse component of the main
saccade.The marker “v” indicates the maximum velocity.
Saccades in the wrong direction, saccades contaminated by
blinks,saccadeswithlatencyshorterthan80ms,andsaccadeswith
amplitude below 50% or above 150% of required amplitude were
excluded from the analysis. In total, 4% of the movements were
rejected,the most frequent reason being the blinks.
STATISTICAL EVALUATION OF MEANS
A three-way ANOVA was applied on individual means for
each saccade parameter (latency, speed, amplitude) with three
inter-subjects factors: type of dTMS (no dTMS; dTMS ISI 65ms;
dTMS ISI 80ms),saccade direction (left; right),type of task (gap;
overlap). Given the large number of conditions tested and the
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relatively small number of subjects,local comparisons were made
with post hoc tests. The Tukey’s honestly signiﬁcant difference
(HSD) post hoc test (signiﬁcance level P <0.05) was used applied
on any two means for signiﬁcance or tendency; individual data
were inspected showing same tendency for the majority of sub-
jects in case of signiﬁcant post hoc effects. The non-parametric,
Friedman andWilcoxon tests were applied on the CV of latencies,
amplitude,and speed.
RESULTS
DIFFERENT EFFECT OF dTMS ON THE LATENCY IN THE GAP AND
OVERLAP TASKS
Firstly, there was a main effect of the gap/overlap task (ANOVA,
F1,11 =733; P <0.001; Figure 3). The magnitude of this effect
was 99ms, i.e., latencies are longer in the overlap task than in
the gap task (all conditions merged, no dTMS, dTMS, or direc-
tion); there was no interaction between task and dTMS condition
(F2,22 =1.21,P =0.32).Thus,thegapeffectwasstable(Figure1B)
for all conditions (no dTMS, dTMS ISI 65ms, dTMS ISI 80ms,
F2,22 =2.61, P =0.10), and for saccade direction (F1.11 =0.62,
P =0.49), There is no signiﬁcant interaction between dTMS
condition and saccade direction.
Given the large number of conditions tested we proceeded to
local analysis with the Tukey’s HSD test. Group mean latencies
FIGURE3|( A )Mean latencies of the group according to the task
(gap/overlap), and (B) gap effect for all conditions merged [(B), dTMS,
saccade direction]The asterisk indicates a main effect of the gap/overlap
task.The magnitude of this effect is 99ms longer in the overlap task.
for each time window of dTMS, for each saccade direction and
for each task are represented in Figure 4. For saccades directed
to both sides for the gap task (Figure 4A) there was a signiﬁcant
increase (P <0.01) of the mean latency by the dTMS of ISI 80ms;
the effect was 15ms for saccades to left and 12ms for saccades to
right. For the overlap task, a signiﬁcant increase (P<0.001) was
found for another dTMS of ISI 65ms and only for saccades to
the left (Figure 4B); the effect was 22ms. For individual data (see
FigureA1 in Appendix).
NO dTMS EFFECT ON THE RATE OF EXPRESS SACCADES
As expected, the Gap task induced express saccades with latencies
between 80 and 120ms, the group mean rate of express laten-
cies was 32.0% (range,0–100%) for saccades to the left and 22.1%
(range,0–100%)forsaccadestotheright.Therewasnosigniﬁcant
effectofthedTMSontheseexpresssaccadeslatencieswhateverthe
condition.Thustheeffectsonmeanlatenciesreportedabovewere
not mediated by changes in the percentage of express latencies.
DIFFERENT EFFECTS OF dTMS ON THE VARIABILITY OF LATENCY IN
GAP AND OVERLAP TASKS
Figure 5 shows the CV in latencies for the group; data are shown
for no dTMS and for each dTMS condition in the gap and over-
lap tasks. For the gap task, dTMS with an ISI of 80ms leads to
a statistically signiﬁcant (Z=2.20; P <0.05) increase of latency
variability of saccades directed to the right (Figure 5A). On the
opposite, in the overlap task dTMS with an ISI of 65ms causes
statistically signiﬁcant decrease (Z=2.04; P <0.05) for saccades
directed to the right (Figure 5B). So, dTMS has a different effect
on latency variability for the gap and overlap tasks (increase ver-
sus decrease) and occurs at different time windows. Note that the
baseline variability for saccades to right tended to be larger but
it was not signiﬁcantly different from that for saccades to the left
(Z =1.26,P =0.21).
SPECIFIC EFFECTS OF dTMS ON THE MEAN SPEED AND AMPLITUDE OF
SACCADES IN THE GAP TASK
We studied all other parameters, the mean speed, and the ampli-
tude for each task of saccade, with and without dTMS (Figures 6
and 7). The three-way ANOVA showed no main effect either
of the task (gap/overlap; speed F1,9 =0.02, P =0.88, amplitude
F1,9 =0.001, P =0.98), or of the dTMS (speed F2,18 =2.64,
P =0.10; amplitude F2,18 =2.64, P =0.10), or of the saccade
direction (speed F1,9 =0.03, P =0.86; amplitude F1,9 =4.39,
P =0.07). No signiﬁcant interactions were observed either
between any of the factors (all P >0.05). Post hoc analysis shows a
statistically signiﬁcant decrease of the mean amplitude (P<0.01,
the effect was 0.9˚); also a statistically signiﬁcant decrease of the
mean speed after dTMS with an ISI of 80ms (P <0.05, the effect
was 22˚/s); this effect is highly speciﬁc and is present only for the
gap task and for saccades directed to the left (Figures6A and 7A);
There is no signiﬁcant effect of dTMS on the variability of either
of these two parameters.
Thus, dTMS in the gap task at ISI of 80ms has a rather mas-
sif inﬂuence, affecting latency but also amplitude and speed of
leftward saccades.
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FIGURE4|G r o u pmean latencies with SE for saccades to left or right in different dTMS conditions: no dTMS, dTMS 0–65ms, dTMS 0–80ms
under the tasks gap (A) and overlap (B). Asterisks indicate a signiﬁcant effect on group mean latencies of dTMS with an ISI of 65 or 80ms versus
control no dTMS.
FIGURE 5 | Coefﬁcient of variation of saccade latencies for the group subjects in different dTMS conditions: no dTMS, dTMS 0–65ms, dTMS 0–80ms
under the tasks gap (A) and overlap (B). Asterisks indicate a signiﬁcant effect on group mean values of dTMS with an ISI of 65 or 80ms versus control
no dTMS.
FIGURE6|G r o u pmean speed with SE of saccades for saccades to left or to right in different dTMS conditions: no dTMS, dTMS 0–65ms, dTMS
0–80ms under the tasks gap (A) and overlap (B). Asterisks indicate a signiﬁcant effect on group mean speed of dTMS with an ISI of 65 or 80ms versus
control no dTMS.
DISCUSSION
The main ﬁndings are (i) a robust gap effect that is unaltered by
the dTMS of the right PPC; (ii) different effect of the dTMS on
the mean saccade latency in the gap versus overlap paradigm; (iii)
no effect of dTMS on the frequency of express latency; (iv) dif-
ferent effect of dTMS on the variability of latency in the gap and
overlap tasks; (v) speciﬁc effect on the amplitude and speed of
leftward saccades in the gap task only. These results will be further
discussed below.
ROBUST GAP EFFECT
A robust gap effect, namely, shorter latencies in the gap task than
in the overlap task has been observed; the effect was 92–110ms
and was unaltered by dTMS. Similar gap effect has been found by
many other studies (Schiller et al.,1987; Munoz et al.,1998; Bucci
et al.,2005;Yang and Kapoula,2006;Yang et al.,2006). This result
canbeexplainedbythereleaseof theﬁxationinthegaptask;com-
petition between the two points (central versus peripheral) leads
to a latency increase in the overlap task (Dorris et al., 1997; Rolfs
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FIGURE 7 | Mean amplitude of saccades with SE for the group subjects in different dTMS conditions: no dTMS, dTMS 0–65ms, dTMS 0–80ms
under the tasks gap (A) and overlap (B). Asterisks indicate a signiﬁcant effect on group mean amplitude of dTMS with an ISI of 65 or 80ms versus control
no dTMS.
and Vitu, 2007). Advanced motor preparation in the gap task is
another mechanism (Rolfs andVitu,2007;Vernet et al.,2009).
EFFECTS OF dTMS ON MEAN LATENCY: TIME WINDOW
SPECIFICITY/BILATERAL–UNILATERAL ASPECTS
The results show latency increase after dTMS of the right PPC
with an ISI of 65ms in the overlap task but with an ISI of 80ms
in the gap task. One could question to what extent the effects on
latency could be due to inter-sensory facilitation. Indeed Terao
et al. (1997) showed shortening of manual reaction time with
sub threshold TMS over the motor cortex; they reported similar
effectswithelectricalstimulationoftheneckorwhenaclicksound
was heard near the head. The authors suggested that much of the
effect of TMS on simple manual reaction time may be ascribed
to inter-sensory facilitation. In the present study we observed an
increase of saccade latency which is not compatible with the idea
of peripheralinter-sensoryfacilitationeffect.Moreoveroureffects
of latency increase are speciﬁc to certain time window (see below)
andthisarguesagainstunspeciﬁcinter-sensoryfacilitationmecha-
nisms.Thetimewindowspeciﬁcityof theeffectscorroboratesour
initial hypothesis for different mechanisms controlling the trig-
gering of saccades in the gap and overlap tasks. Excitatory inputs
from the right PPC to the superior colliculus are believed to be
responsible for the saccade triggering in the gap task,releasing the
ﬁxationsystem(Kapoulaetal.,2004).WesuggestthatdTMSinter-
feres with these excitatory inputs leading to a delay of the ﬁxation
disengagement at the level of the superior colliculus and thus to a
latency increase in the gap task. In contrast,triggering of saccades
in the overlap task, would involve another mechanism similar to
that for memory-guided saccades, i.e., with a ﬂow of target infor-
mation passing from the PPC to the FEF from where the trigger
signal is sent to the superior colliculus. Thus, the earlier effect in
the overlap task supports our hypothesis that the PPC in this task
and at this time window could only be a relay to the FEF; the FEF
is perhaps the organizer of all controlled saccades including those
from the overlap task as suggested also by Brown et al. (2004).Y et,
this is still an hypothesis calling for further experiments, namely
studies with dTMS of the FEF.
Considering the dTMS effect itself with different ISIs one can
propose two hypothetical mechanisms. At ﬁrst, it is possible that
the effect of the longer ISI dTMS may be due to longer in dura-
tionstimulation,andthiscandiscerntwodifferenttimewindows.
Another possibility is that the dTMS can have a summation effect,
so that the dTMS with shorter ISI might have stronger effect. The
results exposed are compatible with the longer duration mecha-
nism. For the gap task the longer ISI could produce longer effect
indurationinterferingwithsaccadetriggeringbythePPC.Forthe
overlap task, long ISI and duration effect might be inefﬁcient as
the PPC is hypothetically only brieﬂy involved as a relay. Further
dTMS studies with different ISIs would be of interest to explore
the time course for the two tasks.
It is also interesting that the effect on latency is bilateral for
the gap task but contralateral (to the stimulated site) for the
overlap task. The ﬁrst result is compatible with studies of Pierrot-
Deseilligny et al. (2002) who reported bilateral saccade latency
increase in patients with right PPC lesions. The results are also in
line with our prior single-pulse TMS studies of the PPC, show-
ing omnidirection effects after stimulation of the right PPC (see
Kapoula et al., 2004). For the overlap task, our observation of a
contralateral effect only is novel and compatible with the hypo-
theticalmechanismswepropose:inthistaskthecontralateralPPC
sends spatial information to the FEF which ﬁnally triggers the
saccade.
In summary, this study shows that dTMS of the right PPC
increaseslatencyof saccades,similarlytowhatwasreportedbefore
for single-pulse TMS (Kapoula et al., 2001, 2004). Most impor-
tant, the increase of latency by dTMS is observed for different
time windows for the gap and overlap tasks and with different
laterality aspects. Time speciﬁcity for the gap versus overlap tasks
is a novel ﬁnding providing evidence that the PPC is involved
differently in the control of the saccade for the gap and overlap
tasks.
NO EFFECT OF dTMS ON THE RATE OF EXPRESS SACCADES
There is no change on the rate of express saccades with or without
dTMS; thus, the right PPC seems not to control the triggering of
thesemovements.Theresultsareinlinewithmodelsofdirectsub-
corticalloops,i.e.,retina-superiorcolliculussuchasthatproposed
by Isa and Kobayashi (2004) controlling the triggering of express
saccades.
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LATENCY VARIABILITY: DIFFERENTIAL EFFECTS IN GAP AND OVERLAP
TASKS
In the gap task, latency variability increased with dTMS with ISI
of 80ms, but decreased in the overlap task with dTMS with ISI
65ms. In theory,the hypothetical inter-sensory facilitation mech-
anisms mentioned above could reduce latency variability with or
without change in the mean latency. Yet, we observed increase of
variability in the gap task and decrease in the overlap task only.
Such highly speciﬁc effect,again argue for a limited role,if any,of
possible inter-sensory facilitation acting in the overlap task only.
Rather we privilege the central differential mechanisms discussed
below. In the overlap task the PPC is itself source of variability,by
its interplay with the FEF for the saccade triggering.
Variability can also be interpreted in the context of stochas-
tic models linked to decisions mechanisms (Carpenter, 2004).
The reduction of variability in the overlap task could be related
to the controlled nature of this task; dTMS could even intensify
such controlled mode, thus, reducing variability. In the gap task,
the triggering of saccades is more automatic, so, local decision
mechanismsmaybelessactive,leadingtouncontrolledvariability.
To our knowledge, this is the ﬁrst time that dTMS effects on
latency variability are reported. The differential effects on latency
variability for the two tasks, are, again, in favor of the idea of dif-
ferential involvement of the PPC in the control of saccades in the
gap and overlap tasks.
Finally, we should discuss the direction of the effects on vari-
ability. For the gap task the variability tended to increase for both
saccade directions but reached statistical signiﬁcance only for the
rightward saccades. The general increase of variability is compati-
blewiththehypotheticalschemeweproposeforanomnidirection
involvement of the right PPC in the gap task. Perhaps with more
subjects leftward saccades would also show signiﬁcant increase of
latency variability. In the overlap task,the observation of decrease
of variabilityforrightwardsaccadesismoresurprising.Notehow-
ever, for the baseline (no dTMS condition) rightward saccades in
theoverlaptaskaretheoneswiththelongerlatencyandmorevari-
ability(eventhoughthedifferencewasnotsigniﬁcant).Perhapsin
this case,the dTMS acts as a warning signal decreasing variability.
EFFECTS ON AMPLITUDE AND SPEED OF LEFTWARD SACCADES IN THE
GAP TASK ONLY
The decrease of the amplitude and of the speed speciﬁcally for
leftward saccades and in the gap task only after dTMS with ISI of
80ms also shows that the PPC has a fundamental role in the gap
task; at this speciﬁc time window it handles many parameters of
the movement (latency, speed, movement amplitude); dTMS of
the PPC presumably, disrupts both, temporal and spatial saccade
signals. Recall, that the speed of saccades is primarily determined
by the brainstem saccade generator located in the PPRF (Leigh
and Zee,2006). The effect of dTMS of the PPC on the mean speed
of saccades is of interest as it indicates, that the cortical signal
from PPC to the brainstem (via the superior colliculus) could also
modify the speed of the saccade. This result is consistent with the
idea that the TMS interferes with the function of the complete
network involved in the generation of the movement (cortical,
subcortical).
Once more, the speciﬁcity of the effects on the mean speed
and amplitude of saccades provide evidence in favor of our main
hypothesis for different control mechanisms in the gap and over-
lap tasks. Effects of dTMS on the speed and amplitude of saccades
in the gap task are presented here for the ﬁrst time. Other studies
(Kapoula et al.,2004) using single-pulse TMS did not report such
effects. Perhaps, using dTMS produced a more massive interfer-
ence with the PPC function. Also it is interesting that this effect is
seen only for leftward saccades,i.e.,contralateral to the stimulated
site. Further studies with TMS of the left PPC should decrease
velocity of rightward saccades only,but this remains to be shown.
In conclusion,the study provides preliminary evidence for dif-
ferent mechanisms controlling saccades in the gap and overlap
tasks. The study calls for further investigation in detail and has
clinical signiﬁcance. Gap and overlap paradigms are relative easy
toperformwithoutconsciouseffortevenforadvancedelderlyand
patients.
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APPENDIX
FIGUREA1 | Individual group means of latency in the control x
axis) versus dTMS condition with corresponding SE (horizontal,
vertical line segment, respectively). In (A,B) are shown data for the
gap task in the control versus dTMS conditions, ISI 0–80ms; in (C,D) are
shown data from the overlap condition in the control versus dTMS condition,
ISI 0–65ms.
Frontiers in Human Neuroscience www.frontiersin.org October 2011 | Volume 5 | Article 114 | 9